A computational method for obtaining ThreeDimensional reconstructions of positron emitting radionuclei distributions using a Planar Positron camera is described. The method involves the use of a Filtered Fourier Deconvolution Method. Construction of Generalized Tomograms capable of emphasizing the large angle events is introduced. The finite size of the Positron Camera detector and its effect on the reconstruction are discussed. and p denotes the momentum or spatial frequency space. Thus the density p(r) can be found by the inverse transform p(r) = fR(p)e2viP rd3
I. Introduction
In nuclear medicine, positron cameras are used for imaging medical disorders such as brain tumors by locating the two coincident back-to-back gamma rays emitted from the radioisotope injected into the patient's body. These two gamma photons, which are generated when the positrons produced in the 3 decay processes are annihilated at rest by the electrons in the immediate vicinity, are detected by the positron camera in coincidence, and their positions of interaction with the detectors recorded ( Figure 1 ). Each pair of annihilation gammas defines a straight line in space, with the position of the radioactive nuclide which has just undergone the decay lying somewhere along the line. In order to deduce the radioisotope distribution from these data, one simple approach is to construct the tomograms which are the distribution of the intersection points of the annihilation gammas with different planes. This method, however, suffers from severe blurring due to superimposition of off-plane activities. In this paper we shall describe a reconstruction technique for recovering 3-dimensional image from the data.
II. Fourier Deconvolution
If the number of straight lines defined by the annihilation gamma pairs becomes large they will form a pattern, or scalar field, which we shall denote as ¢(r), in space. This scalar field ¢(r) is a superimposition of the scalar fields 4o(K) generated by each point emitter in the radioisotope distribution can be constructed in a number of ways from a knowledge of the location of the annihilation gamma pairs emitted from a point source and the angle e it makes with the z-axis. Figure 3 shows one way to construct such a point response function. A volume element is used to measure the total length of the line segments that are contained within its volume. The average total length of these line segments defines the point response function at that position. Another CP(r) which is easier for both computation and construction is shown in Figure 4 . Instead of a volume element, a small area element with its normal along the z-axis is used as the measuring scale. A way to deal with the noise irLstabilities has been described in a previous -aper (2) in which the treatment of noise by Phillips (1) The modification made in equation (4) can be viewed as the action of a low spatial frequency pass filter. In general, the signal component in ¢(p) decreases in magnitude with frequency, whereas the power spectrum of the noise component is essentially flat. Thus the noise component dominates in the high frequency range. This high frequency noise is further amplified in dividing by 0(p), which is usually also a small quantity at high frequency (3) .
The additional term in equation (4) y (2)4p % (p) is negligible at low frequency compared to _ 0(p), but increases rapidly in magnitude with frequency as both p4 increases andlto(p)ldecreases. Thus the information at low frequency is undistorted whereas the noise at high frequency is suppressed.
The above treatment can be generalized to give a family of By adjusting m an optimum filter can be constructed to suit the noise characteristics of each imaging system.
V. Implementation
As the actual computation is done by digital computers, the digital version of the algorithm should be used. The region of space in the vicinity of the density distribution is divided into a 3-dimensional lattice, N *Ny Nz, with spacings between the lattice sites 6,, Iy 6 . Such digitization introduces errors into the results of the Fourier transforms: the finite lattice spacing gives rise to 'aliasing', and the truncation causes 'leakage' (4 (6, 7, 8) .
VI. Results
The algorithm has been applied to a computer generated phantom and also on real data taken from the multi-wire proportional chamber (MWPC) Figure 6 shows the actual density distribution. Figure 7 (9) ,and a supplementary program for transforming real data by the same author and modified by K.C. Tam, private communication. is 1.5 cm thick and 16.5 cm high, with an inner radius of 7.5 cm. The two tumors are also cylindrical in shape, with 1 cm radius and 4 cm height.
For this phantom we have used a lattice of dimensions 64 X 64 X 60, and the lattice spacings were 5 X .5 X 1.0 cm3. The detection system was made up of four large area MWPCs equipped with Pb-converters, two on each side of the phantom. Each chamber has an area of 48 X 48 cm2. The distance between the inner MWPC pair is 55.6 cm, and 63.6 cm for the outer pair. Figure 9 shows the results obtained by simple back projection with solid angle limitation. The images of the tumors are almost completely buried under the off-plane activities plane and can hai-dly be seen. Figure 10 is obtained from Figure 9 by subtracting from the content of each cell 55% of the peak activity. This helps to bring out the contrast, and the tumors faintly appear near the central planes. Figure 11 shows the results obtained by our reconstruction algorithms using generalized tomograms weighted by cos-40 as the scalar fields. The point response function that we used was obtained by fitting a smooth analytic function to the experimentallymeasured values. The parameters used in the frequency is m = 10, and the corresponding optimum y is 71.7. The two tumors and the skull region are clearly visible, and well separated. The left-right asymetry in Figures 9-10 is also removed.
As a comparison, the reconstruction using conventional tomograms as scalar fields are shown in Figure 12 . The parameters used in the frequency filter are also m = 10 and y= 71. 7. The two tumors and the skull also appear distinctly, but the two tumors are not so well separated as in Figure 11 . This agrees with the remark in Section T II that putting more weight on the iarge angle events should improve the reconstruction.
VII. Conclusion
The Fourier deconvolution scheme described above provides a simple method for reconstructing the images from the positron camera data. The use of an optimum weighting factor cosne in constructing the generalized tomograms used as scalar fields results in better resolution through emphasizing the large angle events. The possibility of adjusting the value of m in the frequency filter offers additional flexibility in the reconstruction. It also suggests the possible use of other f'requency filters such as the minimum mean square error filter (10) and the homomorphic filter (11) .
Work has been started in this direction. Also started is the scheme to make use of all the data in the 7 DETECTOR RADIOISOTOPE DISTRIBUTION reconstruction by an one-step iteration in which the maximum cone of detection rather than the minimum one is used in constructing the scalar fields. ..
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